Abstact
Sural nerve sensory action potential was of lower amplitude in 12 diabetic subjects (40%). Eleven diabetic subjects (36%) had lower amplitude for median sensory nerve action potential (SNAP). For compound muscle action potential (CAMP) and sensory nerve action potential (SNAP) half

Introduction
Diabetic neuropathy is peripheral somatic and/or autonomic nerve damage attributable solely to diabetes mellitus (Consensus statement, American Diabetic Association, 1995). It may be associated both with considerable morbidity and mortality. Diabetic neuropathy is characterized by striking atrophy and loss of myelinated and unmyelinated fibres accompanied by Wallerian degeneration, segmental and paranodal demyelination and blunted nerve fibre regeneration. In type 1 and in type 2 diabetes major observation is that of Wallerian degeneration, which may be patchy and irregular 1 .
Nerve conduction studies are considered to be the most sensitive reliable noninvasive and objective means of investigating diabetic polyneuropathy. They involve stimulation of either motor or sensory nerves with subsequent recording of either a sensory or a compound motor action potential. Evaluation of several parameters, including latency, conduction velocity and amplitude is helpful in determining the types of fibre involvement. Analysis of action potential amplitude allows estimates of the total number of active fibres. Conduction velocity provides a measure of transmission in largest myelinated fibres.
NCVs in subclinical group have mean values 10-30% below the normal. Reduction of amplitude also is found particularly in sensory nerves. Lower extremity distal nerves in particular sural nerves, frequently show the most significant abnormalities. Studies of proximal nerve function, such as F-wave testing may show changes as well. The presence of fibrillation potentials on EMG especially in intrinsic foot muscles also may be found. Once symptoms develop, electrophysiological testing reveals even more significant abnormalities of both sensory and motor nerves than is found in asymptomatic patients.
A study among asymptomatic and symptomatic diabetic neuropathic patients has found strong correlation between myelinated fibre density and sural nerve sensory conduction velocity, sural action potential amplitude, peroneal motor conduction velocity and median sensory amplitude, whereas no corelation existed between myelinated fibre density and median MCV or median sensory conduction velocity. Sural sensory conduction velocity (SCV) was abnormal in 66% of patients, sural sensory action potential amplitude (SAP) in 40%, median MCV in 40%, median SCV in 53% and median SAP in 47% 2 .
Another nerve condition studies among early diabetic neuropathic patientsobserved that approximately 21% had both normal peroneal and sural examinations. Abnormalities were most common in sural conduction studies (68% right and 67% left), followed in descending frequency by median sensory (60%), peroneal (46%) and median motor (36%) recordings. Amplitude abnormalities were slightly more common than conduction velocity or latency abnormalities for sensory studies, whereas conduction velocity abnormalities exceeded latency or amplitude abnormalities for motor studies. These diabetic patients had sensory amplitudes 10-15 mv lower and conduction velocities 4 to 14 m/sec slower than normal subjects. Deviations from normal were greater in the lower than in the upper extremities; sural measures demonstrated the largest deviation from normal, and median sensory measures demonstrated the smallest deviations from normal 3 . This study recognized the neuropathy as mild when sural or peroneal responses were obtainable.
Motor conduction studies in different series in any or all of the following nerves-median, ulnar, peroneal and tibial nerves showed increase in distal latency, amplitude reduction of compound muscle action potential (CMAP) and slowing of motor conduction velocity. Latency to extensor digitorum bravis and abductor hallucis may be increased by 28 to 39%, the CMAP amplitude reduced by 50 to 80% and the conduction velocity reduced by 28 to 39% compared with normal mean values for the respective parameters.
Sensory conduction in diabetic patients was studied by using near nerve electrode. The average sensory conduction velocity (SCV) was reduced by 37%, the SAP amplitude by 40-92% compared with the normal mean value. In all the patients the SCV and SAP amplitude were below the normal mean, and in most, also below the 95% lower limit of normal.
A comparison of abnormalities in IDDM and non-IDDM patients without neuropathy revealed abnormal sensory function in the sural nerve in 76% and 64% respectively. In the median sensory conduction velocity abnormalities occur in 3% cases 4 . Abnormalities of nerve conduction parameters are the early features of diabetic nerve damage 5 which signifies that neurological techniques and prevalence of peripheral neuropathy are specific to the population tested. So, it is important to study nerve conduction parameters in different racial groups taking into consideration that various factors may influence the parameters.
Since peripheral nerve has the ability to regenerate it has been proposed that therapeutic intervention including improvement of blood glucose control, aldose reductase inhibitors, and gangliosides may prove efficacious in the treatment of diabetic neuropathy. Studies of potential therapies in patients with established often severe neuropathies have demonstrated slight improvement in nerve function. Intervention in earlier stages may be more successful 2 . In the above context the present study has been designed to see the measures of peripheral nerve function in mild diabetic neuropathies in diabetic population of Bangladesh and to see the early changes of nerve conduction parameters in diabetic patients.
Aims and Objectives 1. To see the functional status of the peripheral nerves among Bangladeshi diabetic subjects by electrodiagnosis (NCV).
2. To see the early changes of nerve conduction parameters in diabetic patients. A total number of 56 patients were included in this study. Out of which 30 were diabetic and 26 were control.
Subjects and Methods
Subjects
Healthy controls
Total number of control subjects was 26 (male 15, female 11). These healthy volunteers with mean age comparable to that of diabetic subjects were selected from the friends of the patients attending neurology outdoor, BSMMU, Dhaka.
All the volunteers were apparently healthy as assessed by detailed medical history and clinical examinations. None of them had history of diabetes.
Diabetic subjects
Thirty known diabetic patients (male = 18, female = 12) attending at the out-patients department of BIRDEM were included. WHO criteria were followed for the diagnosis of diabetes mellitus.
Inclusion criteria 1. Patients of diabetes mellitus of any duration.
2. Diabetic subjects with no symptoms and signs of neuropathy.
3. Diabetic subjects with sensory symptoms only (i.e. numbness, tingling, pain, hypersensitivity to touch).
4. Diabetic subjects with sensory symptoms and sensory signs (i.e. impairment of touch, pain and vibration sensation).
Exclusion criteria
1. Diabetic subjects who had diabetic complications, like stroke and overt nephropathy detected by proteinuria.
2. Patients of DM with foot ulcers and/ or charcot joints.
3. Pregnancy.
4. Subjects with acute or chronic systemic illness, skin infection detected clinically and routine biochemical examination, e.g. TC, DC, ESR, SGPT, Blood urea, S. Creatinine, Urine R/M/E.
Observation and Results
Age and Sex of the study groups:
Control group
Twenty-six healthy controls, 15 males and 11 females were included in the study (Table-I ). Age in years (mean + SD) was 54.8+13.56 (Table-II) . 
Diabetic group
Thirty-six diabetic subjects participated in this study. Among them 18 were males and 12 were females ( Table-I ). Mean (+SD) age was 56.77+11.83 years ( Table-II) . (Table III) . Results have been expressed as mean +SD. Significance of difference at 5% level of significance between the groups was compared by "t" test. Results have been expressed as mean +SD. Significance of difference at 5% level of significance between the groups was compared by "t" test.
Median nerve: Mean (+SD) median sensory nerve action potential was 3.86+1.016 (Table-IV) . Mean (+SD) median nerve conduction velocity was 50.89+8.28 m/sec (Table V) .
Sural nerve: Mean (+SD) Sural nerve sensory action potential was 13.31+7.03 (Table-VII) . Mean (+SD) sural nerve conduction velocity was 43.84+8.23 m/sec (Table VI) .
Mean (+SD) of median sensory nerve action potential of median nerve was significantly lower (p < .001) in diabetic group compared to control ( Table-IV) . Significant difference was found in sensory nerve conduction parameters of median nerve between the two groups ( Table-V) .
Mean (+SD) nerve conduction velocity of sural nerve was significantly slower (p < .001) in diabetic group compared to control ( Table-VI) . Mean (+SD) of sural nerve sensory action potential was significantly lower in diabetic group (p <. 001) ( Table-VII) . Significance of difference at 5% level of significance between the groups was compared by "t" test.
Discussion
The present study was undertaken to evaluate the functional status of the peripheral nerves in diabetic subjects of Bangladesh with early diabetic neuropathy by electrodiagnosis and to explore whether any difference exist between the pattern of peripheral nerve involvement in diabetic subjects of Bangladesh and other countries. Data from healthy control subjects have given the idea about the normal range of nerve conduction parameters in this study.
Clinical characteristics of study subjects
The healthy controls and diabetic subjects were of comparable age. Among the diabetic and healthy control subjects males predominated over females ( Table-I) .
Diabetic subjects were patients of diabetes of any duration. Asymptomatic and only symptomatic patients without signs were included in the study. Patients with obtainable sural nerve responses were included in this study as recognized the neuropathy as mild when sural and peroneal responses were obtainable 3 . Other causes of sensory-motor neuropathy were excluded by clinical examination and appropriate investigations.
Nerve conduction parameters of study subjects:
One objective of the study was to see functional status of peripheral nerves in early diabetic neuropathy. We have carried out unilateral studies of motor and sensory conduction of median nerve for upper limbs. Unilateral study of sural nerve was done in lower limbs.
Diabetic vs control subjects:
No significant variation in median motor nerve conduction velocity and amplitude of compound muscle action potential of median nerve were found among the groups.
But median sensory nerve action potential (SNAP) differed significantly (p < .001) in diabetic subjects having lower amplitudes ( Table-IV) . Median sensory nerve conduction velocity also showed significant difference among the groups (p < .01).
Sensory nerve conduction velocity of sural nerve was significantly slower (p <0.05) in diabetic group compared to control ( Table-VI) . Amplitude of sural nerve sensory action potential diabetic group but Table-V in significant (P<.3).
Most of the sensory nerve conduction parameters tended to differ significantly in diabetic subjects with early diabetic neuropathy from those of control subjects. Among the sensory nerve conduction parameters amplitudes of sensory nerve action potential were affected more than conduction velocity. Motor nerve conduction parameters did not show significant difference among the groups. Previous studies also showed similar pattern of changes in nerve conduction parameters in early diabetic neuropathic patients 3, 4 . Prolonged sural sensory conduction velocity and lower amplitude of sural sensory action potential supports distal to proximal gradient of abnormality in diabetic sensory somatic neuropathy 6 .
Among the nerve conduction parameters sural nerve sensory conduction velocity was found slowed in eight diabetic subjects (26%), but only 1 control subject had abnormal sural sensory conduction velocity (4%).
Median sensory nerve conduction velocity was lower in 1 control subject (4%), whereas it was lower in 7 diabetic subjects (23%).
Sural nerve sensory action potential was of lower amplitude in 12 diabetic subjects (40%), 11 diabetic subjects had lower amplitude for median sensory nerve action potential (SNAP) (36%).
But compound muscle action potential (CMAP) of median nerve was of lower amplitude in one diabetic subjects (3%).Five diabetic subjects have normal median motor nerve conduction velocity (16%).
Mean + SD value of the conduction parameters can be considered as the cut off value. For compound muscle action potential (CAMP) and sensory nerve action potential (SANP) half the mean value of control was the cut off point 7 .
But in a previous study 3 , showed the disease duration and anthropometric factors on nerve conduction measures in mild diabetic neuropathy. They evaluated nerve conduction measures of 429 early diabetic patient of which 162 were type II diabetic patient. This study showed that abnormalities were most common in sural conduction studies (68% right and 62% left) followed in descending order of frequency by median sensory (60%), peroneal (46%) and median motor recordings. But our studies show involvement in less percentage of diabetic patients. This probably reflects different patterns of involvement in nerve conduction measures in type I diabetes mellitus.
Also showed that compared with female patients, male patients had significantly lower amplitudes and conduction velocities and longer latencies 3 . This effect was greatly reduced when height was included in regression model although gender continued to be a significant predictor of median sensory amplitude and most conduction velocities and latencies. Inclusion of greater number of female patients in our early diabetic group may be responsible for less frequent abnormalities in nerve conduction measures in diabetic patients.
In another study 8 , the investigators chose the sural nerve to examine the possible effects of age, gender and height on conduction velocity (CV) and nerve action potentials (NAP) amplitude. Despite a linear decrease in MCV and SCV or both with increasing age, in order of 0.5 to 1.8 m/s per 10 years has been described by some reports, this study showed that when variations in CV due to linear relation with height is removed, the age is not related to sural nerve CV. In fact the decrease with increasing age was found to be minimal (0.09 m/s per year), other reports supported this by denying any relation within age ranges from 6 to 84 years in nerves of upper and lower limbs. The CV decreases 0.15 m/s per 100 mm increase in heights. When considering 37 individuals aged 25-34 years only, CV increased 0.34 m/s per 1 meter increase in height. In both instances, the changes were within the experimental error of the method. This study also found slightly higher average amplitude of the NAP in females than males. So far an acceptable explanation for this has not been suggested although improved conduction properties due to thicker layer of subcutaneous fat in women could be the reason.
So, it can be presumed that age did not significantly influence the nerve conduction parameters in our study subjects but gender and height have some influence. Nerve conduction parameters may be also influenced by factors, such as room and muscle temperatures, duration of diabetes, glycaemic control and peripheral blood flow 2 . All of above factors may be responsible for the difference of nerve conduction parameters in early diabetic patients in our study and previous studies.
Comparison of the results of our study with those from previous reports is difficult also because of different methods and patient selection criteria.Nevertheless, our study showed that sural sensory conduction velocity, and median sensory amplitudes are the sensitive indicators of early diabetic neuropathy though occurring in less number of patients and sural nerve has the highest abnormalities. Prolonged sural sensory nerve conduction velocity supports distal to proximal gradient of abnormality in diabetic sensory somatic neuropathy 6 .
Conclusions
1. Abnormalities of nerve conduction parameters are detected early in diabetic subjects of Bangladesh.
2. Sensory nerve conduction parameters are affected more than motor ones.
3. Formal conduction velocities or latency abnormalities for in in sensory studies.
4. Sural nerve has the highest abnormalities in diabetic patients with early neuropathy.
5. This study has been carried out in a small group of diabetic population.
Further broad based study is required to see the effect of race, ethnicity and anthropometry on nerve conduction measures.
Recommendations
Diabetic patients should be routinely monitored by the electrodiagnostic test for early detection of neuropathy.
